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THL»i Att*chir»g arwi Witmcimq frot»ln of tnttroh^orrtuqic 
I.coU 



The preaent invention relatea 10 a DMA aege*ent having a 
• »<ruence encoding a protein iiioc i«t#d with *n*rh»nq end 
effacing activity of •nteroh^rrhigic C.COll . or * n 
M t^onuc leot l*W fra<ja*ent tK«rtof . THe MIA aeg^ent of !h« 
mvtntlon can be uaed to produce a prottin ataociaied with 
attaching and effacing actlv,-y of •nttroh^rrMgic 
£*COll or a part thereof, by culturlng a tranaformant hoat 
call which Includes a racoabinant aoltcuU cf>»prlitn(j a 
DMA eeg^ent of the Invention or an o I x g ^nur 1 tot % da 
f ragaant thereof and an expresalon control «equenre 
^P^ratlvaly link-** to the DMA aeg-Nnt . 

Tha DMA la^aant of the Invention a 1 ao pereita i^lfrtion of 
DMA and axlno acid taqvtncai unique to a protein 
«t«ocl«tad with attaching and affaclng activity of 
•nttrohtaorrhtgic t^cjftli - Hov« i DMA • egawjnta or protctnt 
can thua be conitructad which contain tha unlqut DMA and 
anno acid eequencea . Tha Invention alao relatea to uaea 
of tha> DMA aegatenta encoding a protein anociatad with 
attarhing and affaclng activity of enterohemorrhag v r 
g . coll * and fraqa^anta thereof, and uaea of a protein 
associated with attaching and effacing activity "f 
pnt eroheeorrhaglc E .coll or parti thereof. 

FUCrCKOU K) OF T HE HrVPrTIOH 

Flnteropathogenlc B*ch*r ichis roll ( tPZC ) roi^niie the 
intestine of huoiane (Ulahen, M . , and Rollo .1. (1990) N. 
Engl. J. Med. 302, 99-10?) «nd experimental Anlr-nU, 
fTxipori, S., Pobb i na - Brown , Gonla, G . , IMyea, J.. 

Withert, and McCartney, E. (1985) Gut 26, 570-«)7B> 

producing a charactari at Ic lesion which h/»i» been called 
attaching and effacing (AR) irtoon, H.rf., Whipp, S.C, 
Argtnrlc, R.A., Levin, U.K., and Gianella, R.A. 198J. 



(l 7 • • ~ 



v.rotoiln-producln, S^aU -Men -r. i.port.nt c.u... of 

Z*n dl..... - h - OI17.H7 fro. the. 

pr ...nt in .nl«.l.. r.r.ly If -vr c.u.. hu.an dl • 

Jmr .. .t ... (( 1990, Proc. ..... X«d. SC. USUI. 78,9- 

784J, and Donn.nb.rg .t .1. <<1990, Infct. 
, 5M !l37l, n.v. Id.ntlfl-d . 1" ^ " EC 

B „4fJ/t* -nich ... n^....ry but not .uftlel.nt for th. 

"L ion of th. AE .-ion. Thi. °< .ppro, l.-t. ly 

oul .r -bran, prot.ln (,.». " J ^ 

Ab.t. Ann. Soc. Hicroblol. B-..2. p. 44). 

lh .t E234./69 .ut.nt. carrying tr.n.po.on TnPnoA 

»..lon -h.n Incubafd -1th HEp-2 ell. (Donn.nb.ro H 
C.ld.rvood. S.. Donohu.-Aolf.. A., K.u.ch. Cf and 

»Lr J (1990, Infct. I— n. 58. 1565-1571,. A 1 kb 

: « — .n CC , P - 

ot th. EPEC ... O.n. ... found to hybridl.. -1th DNA 
l.ol.t- fro. b.ct.rl. of el..-l«l EPEC ..regroup. 
„.U .. -Ith DMA l.ol.t.d fro. EHEC of ..rogroup. 0 and 
0.S7 ,J.r... A - i T«, J • » Tall. B.. -d K.p.r. J. ( 19901 
Pr oc. M.tl. Acad. SCI. USA 87, 7839-7843,. Although both 
EPEC .nd EHEC .train, c.u.. ^'^^n HM 
...ion., .. .hem. In onotoblotic plgl.M (Moon. H « 
Whipp. S.C.. Arg.n.lo, R.A., uvln. -d Ci.n.lla. 

R .X 1983. Inf.ct. I~»n. 4., 1340-1351, Tzpori. S 

Ja c*.on. C. -nd Hog,. J. ( 1986 , J. Infect. Dl-. .54 2 
716, .nd in tl..u. cultur. c.ll. (Knutton. S., Baldwin. 
; ' Willi.... F.H.. -d *c«.l.h. A.S. (1969, Infect. 
,«un. 57. ,290-1298,. th. two type, of Infection can be 
A^.r.ntl.ted by aneton-ic .it. of Involvement, auooe.tlno 
Olfferenc.i In adh.renc. factor.. 

SUBHAE T Of TTC i M BlSB . fl . d an d isolated dna 

The present invention provide, a purified ana 

redti for a protein 
• ..qiMint having a ..qu.nc which cod.. 
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TN# inv»nttrin still fat tUi provitWi a • uba t en t I a i 1 y pur* 
protein associated with attarning and ef fe< ing act ivlty of 
• nt«mhMorrhAqlr K^CQll In * preferred »«ho<li»#nt the 
protein he* an emtrvo ac (4 sequence which has luhinni n: 
homo 1 ckjj with the **irw> arid sequenra as sh':wn In l 
flanruenre Listing as StQ ID mn t 1 

Tfwj invention «l»o relates to sntibodtes •p^rtfl'* f -»r an 
epitope of a protein ^ f the Invention, preferably • 
monoclonal antibody, and a »»thod f^r preparing fh* 
ant ibod lea 

A diagnostic kit for detecting anterohee>or r hag lr , 
preferably I .coll OlA? In a sample coepriitntj a monoclonal 
antibody of the Invention and directions f^r ita us* is 
also provided. 

The Invention also contemplates an Issunnaniy for the 
detection of enterohemor rhag ic t^tQll, preferably t.«COll 
0157, comprising contorting a sample suspected of 
containing enterohemor r hag lc C^CQli with a monoclonal 
antibody of the invention to Ion an immune cospl««; anM 
determining the presence of the immune complex. 

The DMA segments of the Invention or oligonucleotide 
fragments of the DMA segments, allow thosw skilled in the 
art to construct nucleotide probes for use in the 
detection of nucleotide sequences in «amplee such as 
biological or food samples. The nucleotide probes may rx» 
used to detect nucleotide sequences that encode proteins 
related to or analogous to the attaching and effacing 
protein of the Invention. 

Accordingly, the Invention provides a method for detecting 
the presence of a DMA segment having a sequence encoding 
a protein related to or analogous to a protein a**ociaT*»rt 
with attaching and effacing activity of enterohemor rhag i r 
tjCOll or an oligonucleotide fragment thereof in a safnpl«. 
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The invention funhtr rtlatiti t r> * kit for determining th« 
presence of « DMA ieg«fnt having * i»<pj«nr« encoding « 
protein a^socleied with attarhing md effacing activity of 
•nt«roh#»orrhaqlc l^CQii or a pr«d«t«raln«d 

oligonucleotide (ragMnt thereof in a sample, comprising 
priori which are capable of Amplifying th« DMA ••qi^nT -ir 
the predetermined ol Igonur loot id* fr»-j*ent thtr*of in * 
polymerase chain rtiction to for* i t f i«d lequenrm, 

means for allaying th« amplified ii»qu«nr<»a ( ar.-t d 1 r*».- t l nn« 
for its us*. 

The present lnvantors have designed specific nucleotide 
sequences for detecting pathogenic verot os 1 n-produr i ng 
C iCOll ■trains. The present invention therefore further 
provides a purified and Isolated nucleotide sequence 
comprising the sequence shown in the Sequence Listing as 
SEQ ID HOi2; the sequence shown in the Sequence Lasting as 
SCO ID NOiJ; the sequence shown in the Sequence Listing as 
SEQ ID WOi4, the sequence shown in the Sequence Listing as 
5CQ ID NOtS; the sequence shown in the Sequence Listing as 
SEQ ID NOt6; the sequence shown in the Sequence Listing as 
SCO ID NOiT; the sequence shown in the Sequence List ing an 
SZQ ID NOiB; the sequence shown In the Sequence Listing as 
SCO ID HOi9; a sequence having substantial homology 
thereto, or a fragment of the nucleotide sequence. 

Accordingly, the present invention relates to a method for 
detecting verotoiln-produr ing E . coll of the serogroupa OS, 
026, 0103, 01 11, Olie, 0145, and 0157 In a sample 
comprising contacting the sample with a Sall-StuI fragment 
comprising the sequence as shown In the Sequence Listing 
as SEQ ID N0i2 and the sequence as *hown In the Soqu**nr*e 
Listing as SCO ID N0i3, under conditions which permit t hi* 
fragment to hybrldite with a complementary sequence in the 
sample to fore a hybr id i ta t I on product, and amiaying for 
The hybr Idi lat Ion product. 
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SEO ID NOt5, reagents required for hybr Id 1 ta t 1 on of the 
frag— nt with a DMA i^nt encoding the m.ch.n, and 
effacing protein of ent eroheeor r hag ic t^sill or an 
oligonucleotide fragment thereof, and direction, for it. 
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The invention further relate, to a kit for detecting 
pathogenic verotos in-produc I ng E^ll .train. of the 
•erogroup 0157 in a sa.ple co.pri.ing the pri — r. P1EH a. 
ihovn ln th# Sequence Li. ting a. SCO ID f#Oi6 and P2EH a. 
lho¥n ln the Sequence Listing a. SEQ ID NO.-7, 
respectively, reagent, required for the amplification in 
a PCR reaction of sequences which terminate with the 
nucleic acid sequence of one of the priori and the 
1C ' complementary nucleic *cid sequence of the other of the 

prieere, and directions for it. use. 

DESCRIPTION or -wre nftnfflffnff 

The invention will now be described in relation to the 
70 drawings in whicht 

Figure 1 shows the DMA sequence of the EHEC eae gene and 
the deduced protein sequence starting at the .tart coder, 
at 206 bp ; 



Figure 2 shows the homology between the deduced protein 
sequence, of the EPEC and EHEC eat genes; 

Figure 3 shows the a«ino acid sequence alignment of the 
predicted EPEC and EHEC protein.; 

Figure 4 show, the result* of colony blot hybndi zm rona 
of various O lerogroupt using A) a central (Cl-02) I kb 
fragment and B ) a 3* (A3-B2) 0.5 fragment of the 0157,H7 
tae gene; 
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short .tretche. can b* align**. There .-..--vat 
cy.t.ln* residues at posit i-ns 659 «r. 1 ~* ■ ^ 

al lgru»«nt . 

Both the EHEC and EPEC sequences show i;t: larity the 
y-jjOillfl pi^^"*»""to«n invann <J*»* (tsberg. R.P- *t 
.1 ,1987, C.ll 50. P- '69, with greatest divergence at 
th .'c-ter.inu.. The C-tcr»mal eni of th- imXKl* UW 
gen. 1. —oclated -1th receptor binding rU»-':n«, et «... 
EMBO J 1990; 6.1979-69, and it is possible that th. ^re- 
applies to the fiAfi gene products. 

The inventor, .l.o probed verotox in-produc inq t^oli 
,VTEC> (251 .train., of -ultiple O-.eroqroups -.th a 
highly con.erved Ikb SUH-SlU central fragment fro. tl.« 
EHEC ^ 9— u.lng colony hybridization. Only th. 
following VTEC ..rogroup. (125 -train.) -re found to r 
po.ltlv., OS. 026. 0103, 0111, 0118. OMS, and CIS ■ 
Ming th. poly~r... chain reaction , PCF , - 1... con.erved 
0 5kb prob. -a. generated frcm the J end of the EHEC la? 
g.n.. *»on, th. 251 VTEC -train, tested u.ing colony 
nybrldltatlon. only tho.e .train, belonging to the 0157 
.erogroup -.r. po.itlv.. Additionally, the 3 end of e« S 
gene, of VTEC .train, appear to have unique nucl.ot,> 
.equence. a. d.t.n-lned on .elected O-.erogroup. The,, 
0-..rogroup. initially hybridized -1th th, h,g..ly 
con.erved central regions of the e*3 gene.. 

Therefore, th. P r..ent Inventor. h,ve -ho-n that th, 
central 1 kb fragment of the EHEC fiA* gene i. homologous 
in a variety of 0 .erogroup. cf verotox in-produc i ng E^U 
,VTEC, -train, but th*-. there i. dlver.ity at th* 
t.r.i»-l «nd. Th. h-t.rog.n.lty -t th. 3 end of , M 
alio- for .pacific detection of clinically relevant vtf,. 
.train, and may b. ...ociated -1th difference, xn receptor 
binding- 
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slight or inconsequential sequenc * variations from the 
sequences disclosed in the Sequence Listing as SEQ ID NO: 1 
i.e. the homologous sequences function in substantially 
the same manner to produce substantially the same 
polypeptides as the actual sequences. The variations may 
be attributable to local mutations or structural 
modifications . 

It will also be appreciated that a double stranded 
nucleotide sequence comprising a DNA segment of the 
invention as shown in Figure 1 or an oligonucleotide 
fragmmt thereof, hydrogen bonded to a complementary 
nucleotide base sequence (see Sequence Listing SEQ ID 
NO:l), an RNA made by transcription of this doubled 
stranded nucleotide sequence , and an antisense strand of 
a DNA segment of the Invention or ah oligonucleotide 
fragment of the DNA segment, are contemplated within the 
scope of the invention. 

A number of unique restriction sequences for restriction 
enzymes are incorporated in the DNA segment identified in 
the Sequence Listing as SEQ ID NOil, and these provide 
access to nucleotide sequences which code for polypeptides 
unique to the protein associated with attaching and 
effacing activity of EHEC. DNA sequences unique to the 
protein associated with attaching and effacing activity of 
EHEC or isoforms thereof, can also be constructed by 
chemical synthesis and enzymatic ligation reactions 
carried out by procedures known in the art. 

The DNA segments of the invention or oligonucleotide 
fragments of the DNA segments, allow those skilled in the 
art to construct nucleotide probes for use in the 
detection of nucleotide sequences in samples such as 
biological specimens or food samples. A nucleotide probe 
may be labelled with a detectable marker such as a 
radioactive label which provides for an adequate signal 
and has sufficient half-life such as 5? P, 5 H, 14 C or the 



probe with the DNA segment or an oligonucleotide fragment 
thereof, and directions for its use. 

The DNA segment of the invention permits the 
identification and isolation, or synthesis of nucleotide 
sequences which may be used as primers to amplify a DNA 
segment of the invention or an oligonucleotide sequence 
thereof, for example in the polymerase chain reaction 
(PCR). The length and bases vf the primers for use in the 
PCR are selected so that they will hybridize to different 
strands of the desired sequence and at relative positions 
along the sequence such that an extension product 
synthesized from one primer when it is separated from its 
template can serve as a template for extension of the 
other primer into a nucleic acid cf defined length. 

The primers may be prepared using techniques known in the 
art such as for example phosphotriester and phosphodiester 
methods or automated techniques. Restriction endonuclease 
digests may also be u?ed as primers. 

It will be appreciated that the primers may contain non- 
complementary sequences provided that a sufficient amount 
of the primer contains a sequence which is complementary 
to the DNA segment of the invention or oligonucleotide 
sequence thereof, which is to be amplified. Restriction 
site linkers may also be incorporated into the primers 
allowing for digestion of the amplified products with the 
appropriate restriction enzymes facilitating cloning and 
sequencing of the amplified product. 

It will also be appreciated th^r the invention includes 
nucleotide sequences which h*\* substantial sequence 
homology with the above-ment ionod nrciootide probes and 
primers. Further, it will be appreciated that a double 
stranded nucleotide sequence corprising a nucleotide probe 
or primer, hydrogen bonded to a complementary nucleotidp 
base sequence, an RHA made by transcription of thi« 



207^71° 



triphosphates . The detectable markers may be analyzed by 
restriction and electrophoret ic reparation or other 
techniques known in the art. 

The conditions which may be employed in the methods of the 
invention using PCR are those which permit hybridization 
and amplification reactions to proceed in the presence of 
DNA in a sample and appropriate complementary 
hybridization primers. Conditions suitable for the 
polymerase chain reaction are generally known in the art. 
Preferably, the PCR utilizes £ag polymerase (GeneAmp Kit, 
Perkin Elmer Cetus ) as the polymerization agent and each 
cycle consists of the followingi denaturation at 94°C X 1 
min; annealing at 55°C X 1 min; and extension at 72°C X 1 
mln. 



The invention still further provides a kit for determining 
the presence of a DNA segment encoding a protein 
associated with attaching and effacing activity of 
enterohemorrhagic E.coli or a predetermined 
oligonucleotide fragment thereof in a sample comprising 
primers which are capable of amplifying the DNA segment or 
the predetermined oligonucleotide fragment thereof, in a 
polymerase chain reaction to form amplified sequences, 
means for detecting the amplified sequences, and 
directions for its use . 

The present invention also relates to a method of 
detecting verotoxin-producing E.colj. using the DNA segment 
of the invention and oligonucleotide fragments thereof. As 
hereinbefore mentioned the present inventors have found 
that a Sall-StuI fragment (C1-C2) comprising the sequences 
as shown in the Sequence Listing as SEQ ID NO: 2 and SEQ ID 
NCi3, may be used to detect verotoxin-producing E.coli of 
the serogroups 05, 026, 0103, 0111, 0118, 0145, and 0157. 
A 0.5 k_b fragment (A3-B2) comprising the sequences as 
shown in the Sequence Listing as SEQ ID NOt4 and SEO ID 
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in the Sequence Listing as SEQ ID NO: 9; a sequence having 
substantial homology thereto or a fragment of the 
nucleotide sequence. The location of the sequences of the 
sequence shown in the Sequence Listing as SEQ ID NO: 2, SEQ 
ID N0*3, SEQ ID NOx4, SEQ ID N0:5, SEQ ID NO:6 and SEQ ID 
NOi7 on the 0157iH7 &0£ gene are shown in Figure 6. 

The invention relates to a method for detecting verotoxin- 
producing Ll£GH of the serogroups 05, 026, 0103, 0111, 
0118, 0145, and 0157 in a sample, comprising contacting 
the sample with a Sall-StuI fragment (C1-C2) comprising 
the sequence as shown in the Sequence Listing as SEO ID 
N0i2 and the sequence as shown in the Sequence Listing as 
SEQ ID N0i3, under conditions which permit the fragment to 
hybridize with a complementary sequence in the sample to 
form a hybridization product, and assaying for the 
hybridization product. 

The invention relates to a method for detecting verotoxin- 
producing -B*JCflll serogroup 0157 in a sample comprising 
contacting the sample with a 0.5 kb fragment (A3-B2) 
comprising the sequence as shown in the Sequence Listing 
as SEQ ID N0i4 and the sequence as shown in the Sequence 
Listing as SEO ID NO: 5, under conditions which permit 'he 
fragment to hybridize with a complementary sequence in the 
sample to form a hybridization product, and assaying for 
the hybridization product. 

Hybridization conditions which may be used in the method 
of the invention are known in the art and are described 
for example in Sambrook J, Fritch EF, Maniatis T. In: 
Molecular Cloning, A Laboratory Manual, 1989. (Nolan C, 
Ed.)/ Cold Spring Harbor Laboratory Press, Cold Spring 
Harbor, KT. The hybridization product may be assayed using 
techniques known in the art. The oligonucleotide fragments 
may be labelled with a detectable marker as described 
herein and the hybridization product may be assayed by 
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The invention also contempla tea a kit for detecting 
pathogenic verotoxin-producing E . coli strains of the 
serogroup 0157 in a sample comprising the primers P1EH and 
P2EH as shown in the Sequence Listing as SEQ ID NO : 6 and 
as SEQ ID NOt7, respectively, reagents required tor the 
amplification in a PCR reaction of sequences which 
terminate with the nucleic acid sequence of one of the 
primers and the complementary nucleic acid sequence of the 
other of the primers, and directions for its use. 

The DNA segment of the present invention having a sequence 
which codes for a protein associated with attaching and 
effacing activity of EHEC , or an oligonucleotide fragment 
of the DNA segment including the nucleotide sequences of 
probes and primers described herein may bo incorporator) in 
a known manner into a recombinant molecule whi' h ••r-suren 
good expression of the protein or part thereof. In 
general, a recombinant molecule of the invention contains 
the DNA segment or an oligonucleotide fragment thereof of 
the invention and an expression control sequence 
operatively linked to the DNA segment or oligonucleotide 
fragment. The DNA segment of the Invention or an 
oligonucleotide fragment thereof, may be incorporated into 
a plasmld vector, for example, pTZlBR. 

The protein associated with attaching and effacing 
activity of EHEC or isoforms or parts thereof* may be 
obtained by expression in a suitable hnst cell using 
techniques known in the art. Suitable host cells include 
prokaryoMc or eukaryotic organisms or cell lines, for 
example, E.coll JM 101 and E.coll LE 392. The protein or 
parts thereof may be prepared by chemical synthesis using 
techniques well known in the chemistry of protnln* ni'-h a** 
solid phase synth^-ls fKerrifield, 1964, J. Am. Ch'-m. 
Assoc 85 i 2 149-2 1 e * ' *ynrhA*}« i n homoq^non *j roI»j» 

(Houbenwey 1 , 1997, K« *<* of Organic Chemistry, "<1 . K 

Wansch, vol. 15 I and 11, Thieme, Stuttgart). 



to Goding, J. v.. Monoclonal Antibodies t Principles and 
Practice, 2nd Ed., Academic Press, London, 1986. In 
general monoclonal antibodies aro prepared by obtaining 
hybrldomas derived from immortalizing antibody producing 
cells obtained from a mammal having been immunized with a 
protein, and screening the hybridomas for production of 
antibody which binds the isolated protein. 

The polyclonal or monoclonal antibodies may be used to 
detect a protein associated with attaching and effacing 
activity of EHEC in various biological materials or food 
samples, for example they may be used in an Elisa, 
radioimmunoassay or his tochemical testa. Thus, the 
antibodies may be used as diagnostic reagents to quantify 
the amount of protein associated with attaching and 
effacing activity in a sample. 

The monoclonal and polyclonal antibodies may be labelled 
with a detectable marker including various enzymes, 
fluorescent materials, luminescent materials and 
radioactive materials. Examples of suitable enzymes 
include horseradish peroxidase, biotin, alkaline 
phosphatase, 0-galactoa idase , or acetylcholinesterase; 
examples of suitable fluorescent materials include 
umbelliferone, fluorescein, fluorescein isothioc/anate , 
rhodamine, dichlorbtriazinylamine fluorescein, danayl 
chlori.de or phycoerythrin; an example of a luminescent 
material includes lumlnol; and examples of suitable 
radioactive material include I 125 , I 131 or tritium. 

The invention will be more fully understood by reference 
to the following examples. However, the examples are 
merely intends J to illustrate embodiments of the invention 
and are not to be construed to limit the scope of the 
Invention. 



EXAMPLES 

Example 1 



150,53-61) was mod for propagation of bacteriophage 
lambda GEM-11 (Promega, Madison, WI ) . Bacteriophage M13K07 
(Rokeach, L. , Haselby, J. and Ahoch, S. (1988) Proc . Nat. 
Acad. Sci. USA . 85, 4832-4836) was used as a helper to 
produce single stranded DNA from pTZ18R and recombinant 
derivatives . 

DNA manipulation and sequencing 

Plasmid DNA was prepared by the method of Birnboim and 
Doly (Birnboim, H.C. and Doly, J. (1979) Nucl. Acids Res. 
7, 1513-1523). Bacterial genomic DNA was extracted using 
hexadecyltrimethyl ammonium bromide precipitation (Murray, 
M.G., and Thompson, W.F. (1980) Nucl. Acids Res. 8,4321- 
4 325), Genomic DNA isolated from the EHEC strain CL8 was 
partially digested with Sau3A and fragments were size- 
fractionated by sucrose density gradient centri f uga t ion 
(Sambrook, J., Fritch, E.F., and Maniatis, T. (1989) in 
Molecular Cloning, A Laboratory Manual (Nolan, C, Ed.) 
Cold Spring Harbor Laboratory Press, New York). The 
desired fragments (14-23kb) were isolated and Ligated to 
dephosphorylated lambda Gem-11 BaraHlarms (Promega, 
Wisconsin, MA] and packaged using the Packagene System 
extracts (Promega, Wisconsin, MA), Bacteriophage particles 
were propagated in E . col i LE392 and plated for plaque 
isolation. 

The 1 Kb Stul-Sall fragment described by Jerse et a 1 
(Jerse, A., Yu , J,, Tall, B. , and Kaper, J. ( 1990) Proc. 
Natl- Acad. Sci. USA 87, 7839-7843) was used as a probe 
for the eae gene. It was produced by amplification of the 
central region of the eae gene of strain E2348/69 by the 
polymerase chain reaction (Sambrook, J., Fritch, E.F., ^nd 
Maniatis, T. (1989) in Molecular Cloning, A Laboratory 
Manual (Nolan, C, Ed.) Cold Spring Harbor Laboratory 
Press, New York) using Tag polymerase (Perkin Cetus Elmer 
Corp., Norwalk, CT) . Primers flanking the Stul and Sail 
sites were designed using the nucleotide sequence of thn 
eae gene of E2348/69 deposited in Genbank by Jerse et al. 



D4-4 with an insert of 14Kb, was chosen for f urt^e^r^tqpd^? 
The fragments carrying the EHEC eae homologue " were 
identified by hybridization to the 1Kb EPEC probe. The 
entire predicted structural gene was sequenced including 
205 bp upstream and 118 bp downstream. Figure 1 shows the 
DNA sequence of the EHEC eae gene and the deduced protein 
sequence starting at the start co-ion at 206 bp. The end of 
the open reading frame is denoted by an asterisk. The 
sequence was compared with that of the EPEC eae gene. 
The EPEC and EHEC sequences are virtually, identical for 
the first 2200 bp of the etructurai gene and for 
approximately 200 bp upstream of the start site. However, 
there ia considerable divergence in the last 600 bp where 
the similarity is only 59% (Figure 2). 

The amino acid sequence alignment of the predicted EPEC 
and EHEC proteins is shown in Figure 3. The positions of 
the terminal cysteine residues are denoted by asterisks. 
The N-terminal amino acids are highly conserved for the 
first 685 amino acids while for the C- terminal amino 
acids, only short stretches can be aligned. There is 
conservation of cysteine residues at positions 859 and 933 
of the alignment. 

Jerse et al. first noted the similarity between the 
central regions of eae gene of EPEC and the inv gene of 
Yersinia pseudotuberculosis (Jerse AE, Yu J, Tall BD, 
Kaper, J.B. Proc Natl Acad Sci USA 1990; 87s7839-43). The 
invasin protein, a product of the inv gene is an outer 
membrane protein of r. pseudotuberculosis which has been 
extensively studied by Isberg et al. (Isberg, R.R., 
Voorhis, D.L. and Falkow, S. (1987) Cell. 50,769-778). 
When expressed in E.colJt K12, the inv gene is necessary 
and sufficient for invasion of KEp-2 cells in tissue 
culture (Isberg, R.R., and Falkow, S. (1985) Nature. 317, 
262-264). The invasin protein has been divided into three 
domains on the basis of mutational analysis arid the study 
of fusion proteins (Isberg, r.r. ( 1989) Mol . Microbiol. 
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intestine in animal models while in hu.nans they cause 
intense proximal colonic inflammation, characteristic of 
hemorrhagic colitis (Knutton, S., Baldwin, T., Williams, 
P.H., and HcNeish, A. S. (1989) Infect. Immun. 57, 1290- 
1298; Tzlpori, S., Wachsmuth, I., Smithers, J., and 
Jackson, C, (1988) Gastroenterology 94, 590-597 ? 
Tzipori, S. # Wachsmuth, I.K., Chapman, C, Birner, R . , 
Brittingham, J., Jackson, C, and Hogg, J. (1986) J. 
Infect. Die. 154, 712-716; Riley, L . (1987 ) Annu. Rev. 
Microbiol. 41, 383-407; Karmali, M. (1989) Clin. 
Microbiol. Rev. 2, 15-38). Recent reports suggest that 
adhesions encoded by the high molecular weight plasmids of 
EPEC and ^HEC strains are important in determining the 
specificity of adherence to tissue culture cells 
(BaldinJ, M.M., Kaper, J.B., Levine, M.M., Candy, D.C.A., 
and Moon, H.W. (1983) J. Fed. Gastroenterol. Nutr. 2,534- 
538; Karen, H., Heasemann, J., Laufs, R. , O'Brien, A.D., 
Tacket, CO., and Levine, M.M. (1987) Infect. Inmun. 
55,455-461; Cantey, J.R., and Moseley, S.L. (1991) Infect. 
Immun. 55, 3924-3929; Jerse, A.E., Gicquelaia, K.G., find 
Kaper, J.B. (1991) Inf ect . Immun . 59, 3869-3875). It 
remains to be seen whether differences in the C- terminal 
regions of the asm gene products of different i:PEC and 
EHEC strains might result in alterations of receiptor 
specificity. 

EXAMPLE 2 

Serotype Distribution of the EHEC eae Gene Among 
Verotoxin-Producing E. coll . 

Probes based on the EHEC eae gene were used to study the 
serotype distribution of the eae homologue in a collection 
of verotoxin-producing E . coli isolated from human animal 
and food sources using colony hybridization. Colony 
hybridizations were carried out using standard techniques 
under highly stringent conditions (Sambrook J, Fritch EF, 
Manlatls T. Ini Molecular cloning, A laboratory 
Manual, 1989. (Nolan C, Ed . ) , Cold Spring Harbor Laboratory 
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characterized and serotyped isolates of verotoxin- 
produclng E.coli and enteropathogenic E.c^ li strains 
derived from human, food and animal sources were 
contributed by A.Bor<~tyk, C. Gyles and K.Karmali, The 
Hospital for Sich Children, Toronto, Canada. Several 
colonies were selected, resuspended in 50ul PCR buffer 
(XI) (Perkin Elmer Cetus) and boiled for 10 mine prior to 
use as template DNA in PCR amplifications. The PCR 
reaction conditions vere as follows i 50ul reactions were 
set up using ImM deoxynucleotide triphosphates , IX PCR 
Buffer, 1 unit Xftfl polymerase (GeneAmp Kit, Perkin Elmer 
Cetus), 20 pmol of each primer and lul sample preparation. 
Each cycle (X40) consisted of the following: 

denaturation % 9 4°C X 1 min 

annealing * 55^C X 1 min 

extension £ 72°C X 1 min. 

Primers based on the 0157iH7 sequence and the Olll 
sequence, (primers P10 and P20) were used to amplify DNA 
from the various serogroups. The primers are shown in 
Table 1. The location of the A3, B2 , P1EH, and P2EH 
primers on the 0157 ih7 eae gene are shown in Figure 6. 

Colony blot hybridization using [y yz P] dATP oligonucleotide 
probes was used to confirm the specificity of the prin--».. *■ 
Colony blot hybridizations were performed as descroecf in 
Example 2 . 

Verotoxin-producing E ■ coli of serogroups 015 7 one* 0111 
strains were detected by PCR with primers A3-B2, giving a 
0.5 kb fragment. Both primer sets A3-B2 and P1EH-P2EH did 
not detect non verotoxin-producing E.coli of the 
serogroups 0157 and Olll. Primer set P1EH-P2EH 
specifically detected only 0157 verotoxin positive strains 
giving a 0*45 kb fragment (Table 3, F* jure 7). Figure 7 
shows the amplification products of VTEC and EPEC using 
specific primer sets A3-B2 (0.5 kb) and PIEH-P2EH (0.45kb) 
and in particular the following* 



2 0 7 8 7 1 r; 



skill in the art that changes can be made thereto without 
departing from the spirit and scope thereof. 

Forming part of the present disclosure are the appended 
sequence listings. 



TABLE 2 
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SEROGROUP DISTRIBUTION OF EAE-HOMOLOGUES 
AMONG VEROTOXIN-PRODUCING ££OJJ 

PROBE 



SEROGROUP 

01 57 

0111 

026 

OS 

01 03 

01 45 

0118 

01 13 

01 56 

0127:H6 
(E2348) 

01 5: H- 
(RDEC1) 



CENTRAL 

C1-C2 
<1.0tt) 

67/67 

11 / 11 

12 / 12 
7/7 
4/ 4 
5/ S 

1/ 1 

0/ 5 

0/ 4 

1/ 1 

1 / 1 



y REGION 



A3-B2 
(OJkb) 

18/18 
2 / 10* 
0/ 7 
0/ 6 
0/ 3 
0/13 

0/ 1 
0/4 
0/4 
0/ 1 

0/ 1 



P1 EH-P2EH 
(0.45 kb; 

7/ 7 
0/5 
0/2 
0/ 1 
0/ 1 

0/2 
0/1 

0/ 1 
0 / 1 
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SEQUENCE LISTING 



1. GENERAL INFORMATION 

(a) APPLICANT: Joyce de Azavedo, James Brunton 
and Marie Louie 

(b) TITLE OF INVENTION: Attaching and Effacing 
Protein of Enterohemorrhag ic E_._coJi 

(c) NUMBER OF SEQUENCES: 9 

2. CORRESPONDENCE ADDRESS i 

(a) ADDRESSEE i Linda M. Kurdydyk, 
Bereskin 6 Parr 

(b) STREET i Box 401, 40 King Street West 

(c) CITY: Toronto, Ontario 

(d) COUNTRY: Canada 

(e) ZIP CODEi M5H 3Y2 

3. COMPUTER READABLE FORM: 

(a) MEDIUM TYPE : Floppy disr 

(b) COMPUTERi IBM PC compatible 

(c) OPERATING SYSTEM : PC - DOS /MS- DOS 

(d) SOFTWARE s DOS Text File 

4. CURRENT APPLICATION DATA: 

(a) APPLICATION NUMBER t Unknown 

(b) FILING DATE t Unknown 

(c) CLASSIFICATION t Unknown 

5. ATTORNEY /AGE NT INFORMATION: 

(a) NAME : Linda M . Kurdydyk 

(b) REGISTRATION NUMBER: 34,971 

(C) REFERENCE NUMBER/DOCKET NUMBER: 3153-057/LMK 

6. TELECOMMUNICATION INFORMATION: 

(a) TELEPHONE: (416) 364-7311 

(b) TELECOPY: (416) 361-1398 

7. INFORMATION FOR SEQ ID NOils 

(a) SEQUENCE CHARACTERISTICS: 

(i) LENGTH: 3131 base pairs 

(ii) TYPEinucleic acid 
(iit) STRANDEDNESS: double 
(iv) TOPOLOGY: linear 

(b) MOLECULAR TYPE: DNA (genomic) 

(c) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 



TCGAGAATGAAATAGAAGTCGTTGTTAAGTCAATGGAAAACCTGTATTTGGTATT^ 
AGCTCTTACTTTATCTTCAGCAACAATTCAGT^ACCTTTTW 

SRMK*KSLLSQWKTCIWYY1 
RE * NRSRC *VNGKPVFGI T* - 
ENEIEVVVKSMENLYLVLHN- 
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^TTOCCGATCTTTCT^^ 460 

+ 7" * ^orrcrTJULACCAGCAACTTATT 



AGCTGCTAAACCAC^AACTTATT 



ACfcACGGCTAGVXAGATTTAGCGTTCTXTAATTXAAT -- ~ ^ 

C C R S_ c n D I N L S T I * ^_ . , 



gcatttatacagttctgaaagcgaaatgatcaaggccgcgcctggtcagc 54 

» x Wv'lAV" • « * « L V S R S F.C- 

G CCACTCA^CTTCCCrTTGA>TACAGTGCACTACCACTTTTAGGTTCGG ^ 

rrwi-T-T^^ XAGGGAAAC - 

CGGTGAGTTTTTTGAAGGGAAACTTAT^iuav- ttfrF GTS 

x T Q K T S Ij * I « V 1 p L L G S A ? L ' 

\\W-r ', , : , . , .'. « ' • v R H L L - 

C C C R * „ » r HTN KLTK M S V „ \ 

\ \ *Q % ^ \ L ^ T R I N * L * ~ ■ ^ " 



GACCAAAAGCAACATGACCGATGACAAGGCATTAAATTATGCGGCAC^CAGG , 



D Q 
T K 
P K A T 



s r * P A S V A M — q V A K D T .\ L 



CTGGCATGAGTCATACAATAAGXAAGACIATGATGAGCGCCCAGC^ATGGCTTCGATAT ^ 

\ \. \ \ \ p o % »» g a % D x \ : 



G M 



SHTIRKTMMSAQQ 



ccGrrrr ^tgoctatctaccgtcatatccggcattaggcgcc xagctgatatatgagca ^ 

1201 - — -:--:z---:-z^iaw^ 



GGC AAAATTACCGATAGATGGC AGTATAGGCCGTA^.TCCGCGGTi ^ I * A 



GTATTATGGTGATAATGTTGCTTTGTTTAATTCTGATAAGCTGCAGTCGA^TCC ^ 

J V^\\\\ '* P x ^ ^ °s % \ % \ : 

GGCGACCGTTGGTGTAAACTATACTCCGArrCCTCTGGTGACGAT^ 1380 

i32i _ 



CCGCTGGCAACCACATTTGATATGAGGCTAAGGAC,„ S —---- --- p 

- G ° R \ C v K N \ T P I P L V T M G I D T * - 



tca^tacgggtaatcaaaatsatctcct^ 

1381 — -- + ---"::ilti:^^I^tllTnXGTTACGTCAAGGCAATAGT 1 :AAACT 



m^cca^cc^ac^^ 



a S W Y G * * K s „ - Q F R Y Q D 

- H M G V T R G V N « E K H M I S \ Vo V. S V T !> L . 3 



b 



TAAATCGTGGTCTCW^T^ ^ 

* 1 V V S « T E P O Y V N E L B T L S G - 

J ■ "„ % "g °S °K % % 9 S L T . • « « Y 0 A - 
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TCXAGTTGTCGACCAGGTTGGGGTAACGGACTTTACGGCGGATAAGACTTCGGCTAAAGC 
1861 ♦ + + ♦ + + 1920 

AGTTCAACAGCTGGTCCAACCCCATTGCCTGAAATGCCGCCTATTCTGAAGCCGATTTCG 
a S SCRPGWGNGL YGG* DFG * S 

b QVVDQVGVTDFTADKTSAK A- 

c KLSTRLG* R T L R R I RLRLKR- 



GGATAACGCCGATACCATTACTTATACCGCGACGGTGAAAAAGAATGGGGTAGCTCAGGC 
1921 ■ + + + + ♦ + 1980 

CCTATTGCGGCTATGGTAATGAATATGGCGCTGCCACTTTTTCTTACCCCATCGAGTCCG 
a G * RRYHYLYRDGEKEWGS S G - 

b DNADTITYTATVKKNGVA QA- 

c I TPIPLLI PRR*KRMG* LR L- 



TAATGTCCCTGTTTCATTTAATATTGTTTCAGGAJVCTGCAACTCTTGGGGCAAATAGTGC 
1981 + + + + + 2040 

ATTACAGGGACAAAGTAAATTATAACAAAGTCCTTGACGTTGAGAACCCCGTTTATCACG 
a *C?CFI*YCFRNCNSWGK*C - 
b NVPVSFNIVSGTATLGANSA- 
c MSLFHLILFQELQLLGOIVP- 



CAAAACGGATGCTAACGGTAAGGCAACCGTAACGTTGAAGTCGAGTACGCCAGGACAGGT 
2041 ♦ ♦ + + + + 2100 

GTTTTGCCTACGATTGCCATTCCGTTGGCATTGCAACTTCAGCTCATGCGGTCCTGTCCA 
a QNGC*R*GNRNVEVEYARTG 
b KTDANGKATVTLKSSTPGQV- 
C K RML TVRQP * R * SRVRQORS- 



CGTCGTGTCTGCTAAAACCGCGGAGATGACTTCAGCACTTAATGCCAGTGCGGTTATATT 
2101 + «- — + + r * + + 2160 

GCAGCACAGACGATTTTGGCGCCTCTACTGAAGTCGTGAATTACGGTCACGCCAATATAA 
a RRVC*NRGDDFST*CQC GYI 

b VVSAKTAEMT SALNASAVIF- 

c S C LLKP RR * LQHLMPVR LY F - 



TTTTGATCAAACCAAGGCCAGCATTACTGAGATTAAGGCTGATAAGACAACTGCAGTAGC 
2161 ♦ + + + ♦ 2220 

AAAACTAGTTTGGTTCCGGTCGTAATGACTCTAATTCCGACTATTCTGTTGACGTCATCG 
a F*SNQGQHY*D*G* *DNCSS 

b FDQTKAS ITE I KADKTTAVA- 

c L IKPRPALLR LRLI RQI»Q • Q - 
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•iGGTACATATTCATGGTATTCAGAAAATACCAGTATCGCGACTGTCGATGCATCAGGGAA 
2581 — ♦ ♦ + + + * 2640 

ACCATGTATAAGTACCATAAGTCTTTTATGGTCATAGCGCTGACAGCTACGTAGTCCCTT 
a WYIFMVF RKYQYRDCRCIRE 

b GTYSWYSENTS IATVDASGK- 

C VH I H G I Q K IPVSRLSHHQGK- 



AGTCACTTTGAATGGTAAAGGCAGTGTCGTAATTAAAGCCACATCTGGTGATAAGCAAAC 
264 1 +. + + + + + 2700 

TCAGTGAAACTOACCATTTCCGTCACAGCATTAATTTCGGTGTAGACCACTATTCGTTTG 
a SHFEW*RQCRN*SHIW**AN 
b V TL NGK GS VV I KATS G D K QT 

C SL*MVKA VS*LKPHLVISKQ- 



AGTAAGTTACACTATAAAAGCACCGTCGTATATGATAAAAGTGGATAAGCAAGCCTATTA 
2701 + + + + ♦ + 2760 

TCATTCAATGTGATATTTTCGTGGCAGCATATACTATTTTCACCTATTCGTTCGGATAAT 
a SKLHYKSTVVYDKSG * A S LL 

b VSYTIKAPSYMIKVDKQAYY- 
c *VT.L*KHRRI**KWISKPIM- 



TCCTGATGCTATGTCCATTTGCAAAAATTTATTACCATCCACACAGACGGTATTGTCAGA 
2761 + r — + + + + -+ 2820 

ACGACTACGATACAGGTAAACGTTTTTAAATAATGGTAGGTGTGTCTGCCATAACAGTCT 
a C*CYVHI*QKFITIHTDG IVR 

b ADAMSICKNLLPSTQTVLSD- 
c LMLCPFAKIYYHPHRRYC'QI- 



TATTTATGACTCATGGGGGGCTGCAAATAAATATAGCCATTATAGTTCTATGAACTCAAT 
2821 + + ♦ + + + 28*0 

ATAAATACTGAGTACCCCCCGACGTTTATTTATATCGGTAATATCAAGATACTTGAGTTA 
a YL*LMGGCK*I*PL*FYELN 
b IYDSWGAANKYSHYSSMNSI-- 
c FMTHGGLQI NI AI I'VL*TO*- 



AACTGCTTGGATTAAACAGACATCTAGTGAGCAGCGr/CTGGAGTATCAAGCACTTATAA 
288 1 + + + + + + 2940 

TTGACGAACCTAATTTGTCTGTAGATCAC7CGTCGCAAGACCTCATAGTTCGTGAATATT 
a NCLD*TDI**AAFWSIKHL* 
b TAW I KQTSSEQRSGVS STYN- 

c LLGLNRHLVSSVLEYQALIT- 
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9. 1NFORJ1ATI0N FOR SEQ ID NOi3i 

(a) SEQUENCE CHARACTERISTICS x 

(i) LENGTH i 32 base pairs 

(ii) TYPE t nucleic acid 

(iii) STRANDEDNESS t single 

(iv) TOPOLOGY i linear 

(b) MOLECULAR TYPE i DNA (genomic) 

(C) SEQUENCE DESCRIPTION! SEQ ID NO: 3: 



5'ATG GAA TTC CGA AGT CTT ATC AGC CGT AAA GT 3" 



10. INFORMATION FOR SEQ I D NO I 4 x 

(a) SEQUENCE CHARACTERISTICS t 

(i) LENGTH i 29 ban* pairs 

(ii) TYPE i nucleic acid 

(iii) STRANDEDNESS i single 

(iv) TOPOLOGY i linear 

(b) MOLECULAR TYPE x DNA (genomic) 

(c) SEQUENCE DESCRIPTION x SEQ ID NO:4t 



5'ATG 1AA TTC GGA TGT TCA ACG GTA AGT CT 3* 



11. INFORMATION FOR SEQ ID NO l 5 t 

(a) S' 2'JENCE CHARACTERISTICS: 

(i) LENGTH j 29 base pairs 

(ii) TYPE i nucleic acid 

(iii) STRANDEDNESS i single 

(iv) TOPOLOGY t linear 

(b) MOLECULAR TYPE t DNA (genomic) 

(C) SEQUENCE DESCRIPTION! SEQ ID NO:5t 



5 /ATC GAA TTC ACA ATA CCG TCT GTG TGG AT 3 * 
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15. INFORMATION FOR S°,Q ID NO: 9: 

(a) SEQUENCE CHARACTERISTICS: 

(I) LENGTH t 16 base pairs 

(II) TYPE i nucleic acid 
(ill) STRANDEDNESS i single 
(iv) TOPOLOGY: linear 

(b) MOLECULAR TYPE I DNA (genomic) 

(C) SEQUENCE DESCRIPTION : SEQ ID NO18: 



5 * TAT TTT ATC AGC TTC ACT 3 ' 
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>. A method for preparing a protein associated with attaching 
and effacing activity of enterohemorrhagic E.coll utilizing a 
purified and isolated DNA segment as claimed in claim 2. 

10. A substantially pure protein associated with attaching and 
placing activity of enterohemorrhagic E.coll. 

11. A substantially pure protein as claimed in claim 10 having 
an amino acid sequent which has substantial homology with the 
amino acid sequence as shown in the Sequence Listing as SEQ ID 

NO : 1 . 

12. /. protein encoded by the purified and isolated DNA segment 
as claimed in claim 2. 

13. A monoclonal or polyclonal antibody specific for an epitope 
of a protein as claimed In claim 10. 

14. An antibody as claiined In claim 13 which binds a distinct 
epitope in an unconserved region of the protein. 

15. A purified and isolated nucleotide sequence comprising the 
sequence shown in the Sequence Listing as SEQ ID NOi2 or the 
sequence shown in the Sequence Listing as SEQ ID :*Q:3, or a 
sequence having substantial homology thereto or a fragment of the 
nucleotide sequence. 

15. A purified and isolated nucleotide sequence comprising the 
sequence shown in the Sequence Listing as SEQ ID NO:4 or the 
sequence shown In the Sequence Listing as SEQ ID NO: 5, or a 
sequence having substantial homology thereto or a fragment of the 
nucleotide sequence. 

17. A p-jrified and isolated nucleotide sequence comprising the 
.r T ,f.r^ r.hown in the Sequence Listing as SEQ ID N0t6 ^r th* 
-j-r-nc- shown in the Sequence Listing as SEQ ID NO: 7, or n 
n hi'/.nc suit p* ant ia 1 homology thereto or a fragment ol the 
r "-clH;t.id«» sequence. 
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in a sample comprising a nucleotide probe capable of hybridizing 
with the DNA segment or an oligonucleotide fragment thereof, 
reagents required for hybridization of the nucleotide probe with 
the DNA segment cr an oligonucleotide fragment thereof, and 
directions for its use. 

25. A method of determining the presence of a DNA segment having 
a sequence encoding a protein associated with attaching and 
effacing activity of enterohemorrhagic E.coli or a predetermined 
oligonucleotide fragment thereof in a sample, comprising treating 
the sample with prixners which are capable of amplifying the DNA 
segment or the predetermined oligonucleotide fragment thereof in 
a polymerase chain reaction to form amplified sequences, under 
conditions whi^h permit the formation of amplified sequences, and 
assaying for amplified sequences. 

26. A kit for determining the presence of a DNA segment having 
a sequence encoding a protein associated with attaching and 
effacing activity of enterohemorrhagic E.coli or a predetermined 
oligonucleotide fragmont thereof in a sample, comprising primers 
which are capable or amplifying the DNA segment or the 
predetermined oligonucleotide fragment thereof in a polymerase 
chain reaction to form amplified sequences, means for assaying 
the amplified sequences, and directions for its use. 

27. A method for detecting verotoxin-producing E.coli of the 
serogroups 05, 026, 0103, 0111, 0118, 0145, and 0157 in a sample 
comprising contacting the sample with a Sall-StuI fragment (CI- 
C2) comprising the sequence as shown in the Sequence Listing as 
SEC ID NO: 2 and the sequence as shown in the Sequence Listing as 
SEQ ID NO: 3, under conditions which permit the fragment to 
hybridize with a complementary sequence in the sample to form a 
hybridization product, and assaying for the hybridization 
product . 

2f». A rof.hod for detecting v#*ro tox in-produc l ng E .coll nerogroup 
It ■-• a^rpj* comprising contacting tho sample with a 0.5 fcb 
fr*—'-T' '^-n?) corrpr J s i ro the ?pqunnc« as shown in thf* Soquenm- 
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*-iEH as shown in the Sequence Listing as SEQ ID NO:5 and P2EH as 
shown in the Sequence Listing aa SEQ ID NO: 6, reagents required 
for the amplification in a PCR reaction of sequences which 
terminate with the nucleic acid sequence of cne of the primers 
and the complementary nucleic acid sequence of the other of the 
primers, means for assaying amplified sequences , and directions 
(or its use. 
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FIGURE 4 
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FIGURE 6 
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